The steps that lead from the concentration of iodide by the thyroid gland to the formation of the thyroid hormones thyroxine and 3,5,3'-tri-iodothyronine are not yet fully understood. It is generally held that 3-monoiodotyrosine is the first organic iodo-compound formed. In the normal gland, much of this is rapidly converted into diiodotyrosine.
The suggestion of Harington & Barger (1927) that thyroxine was formed in the thyroid by a coupling reaction between two molecules of diiodotyrosine has not been seriously disputed. However, the biosynthetic mechanism whereby triiodothyronine is formed is still a matter of debate. Gross & Pitt-Rivers (1953) suggested that it might arise by a partial deiodination of thyroxine, but they produced no evidence in support of this hypothesis. Roche, Michel, Michel & Lissitzky (1952) had failed to demonstrate any deiodination of thyroxine by thyroid slices in vitro, although they found that in the same conditions iodide was readily obtained from both the iodotyrosines. They concluded that the biosynthesis of tri-iodothyronine probably involved coupling between one molecule each of mono-and di-iodotyrosine.
The likelihood that monoiodotyrosine is the precursor of di-iodotyrosine in thyroglobulin is strongly supported by the work of Taurog, Tong & Chaikoff (1958) , who showed that at early time intervals after a single injection of 131J in rats the monoiodotyrosine 131I content of the thyroid hydrolysates rose rapidly and thereafter fell to a final concentration of about 15 % of the total 131J of the thyroid gland. The radioactivity in di-iodotyrosine reached a maximum after that in monoiodotyrosine had passed its peak, and remained at a concentration of over 40 % of the total 131J for many hours; 75 hr. after the injection there was only a slight fall in the radioactive di-iodotyrosine concentration although the radioactive thyroxine content of about 14% of the total 131I had reached a maximum value 25-30 hr. after the injection. These authors did not investigate tri-iodothyronine in their thyroid hydrolysates.
The high monoiodotyrosine 131I to di-iodotyrosine 131I ratios in the thyroid found by Taurog et al. (1958) soon after administration of 131J were not observed by Bois & Larsson (1958) ; they were unable to detect any changes in the ratio of radioactive monoiodotyrosine to di-iodotyrosine in hydrolysates of rat thyroid 30 min. to 7 days after injection of 131I. The incorporation of 131I into thyroxine and tri-iodothyronine increased with time. Further, the 131I content of both the iodothyronines rose when the animals were fed on an iodine-deficient diet, but the increase was much more pronounced for tri-iodothyronine than for thyroxine. Since the glands of the iodine-deficient animals contained more radioactive monoiodotyrosine than those of animals on the basic diet, it was concluded that tri-iodothyronine arose from coupling of the two iodotyrosines.
Plaskett (1961 a, b) investigated the distribution of 131I in the two rings of thyroxine and tri-iodothyronine obtained from hydrolysates of thyroids of rabbits injected with 131J; 24 hr. after the injection, the specific radioactivity of iodine was equal in both rings of both these amino acids. He suggested that his findings were compatible with thyroxine being the biological precursor of triiodothyronine.
Feuer & Vekerdi (1957) and Feuer (1959) found that up to 6 hr. after injection of 131J into rats the radioactivity in tri-iodothyronine exceeded that in thyroxine, and fell as that of the thyroxine rose. They suggested that tri-iodothyronine was the pre-cursor of thyroxine, but they did not indicate whether this was the only biological mechanism for thyroxine production. The experiments to be described were undertaken in an attempt to resolve these conflicting findings.
MATERIALS AND METHODS
Male hooded rats, weighing about 150 g., were fed on diet 41 B (Bruce, 1958) , and received tap water ad lib.
131I as Na'31I was obtained from The Radiochemical Centre, Amersham, Bucks. Doses (10-50 ,uc) were injected intraperitoneally in 0-2 ml. of 0 9% NaCl soln. in those animals which were killed 30 min. to 8 hr. after injection; otherwise the injections were given subcutaneously. Groups of animals were killed with chloroform 0 5, 1, 2, 4, 6, 8, 14, 16, 18, 21, 24, 47 and 48 hr. after the injections. The thyroids were rapidly removed and counted for percentage uptake of the dose in a ring counter described by Campbell, Cuthbertson, Matthews & McFarlane (1956) . They were then cut with scissors and hydrolysed with a mixture of pancreatin and trypsin in 0-2-03 ml. of 0-2M-tris, pH 8-4, for 24-28 hr. at 370 with shaking. Portions of the hydrolysates were applied to 2 cm. Whatman no. 1 paper strips, together with carrier iodide, mono-and di-iodotyrosine, thyroxine and tri-iodothyronine. The chromatograms were developed in butan-1-ol-dioxan-aq. 2 N-NH3 soln. (4:1:5), or in butan-l-ol equilibrated with 2N-acetic acid, by the ascending technique. The position of iodide on the strips was revealed with palladium chloride, 0-1 M in water; that of the iodinated amino acids with ninhydrin, 0-15% in 50 % (v/v) ethanol-water. The spots were cut from the paper and the radioactivity was counted in a well-type scintillation counter. The origin spot was also counted to ascertain the amount of unhydrolysed or partially hydrolysed material present. If this exceeded 10 % of the total radioactivity, the chromatograms were discarded; it generally amounted to 6-8% of the total radioactivity. Iodide, mostly produced as an artifact during hydrolysis, was 7-10 % of the total radioactivity.
RESULTS
Uptake of 131I. The uptake of 131I by the thyroid gland reached a maximum value of 16-20 % of the dose about 16 hr. after the injection, and fell to 6 % at 48 hr.
Diistribution of 131I between the iodoamino acids. The distribution of 131I between the iodotyrosines and iodothyronines is shown in Fig. 1 . The numbers of animals used in each group were: 0.5 hr. 2; 1 hr., 5; 2 hr., 6; 4 hr., 6; 8hr., 2; 14 hr., 7; 16 hr., 2; 21 hr., 1; 24 hr., 7; 47 hr., 3; 48 hr., 2. The 1311 in monoiodotyrosine reaches a maximum value 30 min. after injection of the 1311 and falls fairly rapidly during the next 8 hr.; thereafter it falls slowly to about 15 % of the total 1311 at 48 hr. The 131J in di-iodotyrosine reaches a maximum value of 45 % of the total 2-4 hr. after the injection and remains at this value up to 48 hr. The 131I in triiodothyronine and thyroxine reach maximum values of 2-8 and 14% of the total 6 and 14 hr. after the injection respectively. At no time interval studied did the radioactivity in tri-iodothyronine exceed that in thyrosine, although the ratio of radioactivity in tri-iodothyronine to thyroxine was higher at the early time intervals.
When the percentage distribution of 131I among the labelled compounds has approached isotopic equilibrium, i.e. 48 hr. after the injection of 1311, the concentration ratio for the stable compounds is assumed to be similar to that of 131J in them. Then the ratio of di-iodotyrosine to monoiodotyrosine is 45:15, and that of thyroxine to tri-iodothyronine is 14:2-8. Since the total amount of stable iodine in these glands was not determined, only relative specific activities of the different compounds have been estimated. An average thyroid weight of 10 mg. was used in all the calculations. By multiplying the percentage of injected radioactivity in di-iodotyrosine by 3, the estimated relative specific activities of the two iodotyrosines can be plotted. This is shown in Fig. 2 .
Simnilarly, the estimated relative specific activities of thyroxine and tri-iodothyronine are obtained by multiplying the percentage of injected radioactivity in thyroxine by 5 (Fig. 3) . In Figs. 2 and 3, each value represents a single animal. From  Fig. 2 , it is clear that the estimated specific activity of monoiodotyrosine is much higher at an early time interval after injection of 131J than that of diiodotyro3ine, and falls rapidly as more di-iodotyrosine is formed. The estimated specific activity of tri-iodothyronine is higher than that of thyroxine, up to about 8 hr. after administration of 131J, but does not fall with the rise in 131I in thyroxine (Fig. 3) . The estimated specific activities of the two compounds are approximately equal about 24 hr. after injection of 131I. DISCUSSION The present findings relating to monoiodotyrosine, di-iodotyrosine and thyroxine are in complete agreement with those of Taurog et al. (1958) . There is a very rapid incorporation of 131J into monoiodotyrosine, and as the percentage of 131I in this compound begins to fall, that in di-iodotyrosine reaches its plateau. The relative specific activity data shown in Fig. 2 support the hypothesis that monoiodotyrosine is the precursor of di-iodotyrosine.
If it is assumed that the iodinated compounds under discussion are homogeneous with respect to turnover, tri-iodothyronine could not have arisen by partial deiodination of thyroxine, since its estimated specific activity was greater than that of thyroxine before the latter reached its maximum (cf. Zilversmit, Entenman & Fischler, 1943) . Plaskett's (1961 b) suggestion that it may be formed by this mechanism is not substantiated. This author studied the "3'I in the thyronine rings of the two iodothyronines 24 hr. after administration of 131J. By this time, both compounds have almost reached isotopic equilibrium in the rat thyroid gland. Whether this is so in the rabbit thyroid is not known. If isotopic equilibrium has been approached, any differences in the specific radioactivities of the two compounds, which might reveal a precursor-product relationship, will have disappeared.
The present experiments have not confirmed Feuer's (1959) observation that soon after injection of 131I in the rat the radioactivity in tri-iodothyronine exceeds that in thyroxine. However, the estimated specific activity of tri-iodothyronine is higher than that of thyroxine for a few hours. Although these findings do not preclude the possibility that tri-iodothyronine is the precursor of thyroxine, a simpler explanation is that tri-iodothyronine is indeed formed by the coupling of mono-and di-iodotyrosine; at time intervals when the specific activity of monoiodotyrosine is higher than that of di-iodotyrosine, it might be expected that the specific activity of tri-iodothyronine would be higher than that of thyroxine. It is concluded that monoiodotyrosine is the precursor of di-iodotyrosine; that both thyroxine and tri-iodothyronine are formed by a coupling mechanism from the iodotyrosines and that neither thyroxine nor tri-iodothyronine gives rise to the other in the thyroid gland. SUMMARY 1. Estimations have been made of 131I incorporated into monoiodotyrosine, di-iodotyrosine, thyroxine and tri-iodothyronine of the thyroid gland from 30 min. to 48 hr. after injection of l31i 2. At early time intervals the estimated specific activity of monoiodotyrosine exceeds that of diiodotyrosine.
3. The total radioactivity in thyroxine exceeded that in tri-iodothyronine at all time intervals studied, but the estimated specific radioactivity of the latter compound was higher up to 8 hr. after injection of 131I 4. The mechanism of tri-iodothyronine biosynthesis is discussed.
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